Background and objectives: Because previous studies have not distinguished between intimal (atherosclerotic) and medial vascular calcification, the prevalence and clinical significance of either condition in chronic or end-stage kidney disease (CKD or ESKD) are unknown. We hypothesized that breast arterial calcification (BAC) is exclusively medial and that mammography can serve as a useful marker of generalized medial calcification in CKD and ESKD.
A rterial calcification is common in patients with chronic kidney disease (CKD) and end-stage kidney disease (ESKD) and may contribute to the excess cardiovascular mortality in this population (1) (2) (3) (4) . Calcification can occur either in the intimal layer or medial layer, each with a distinct pathophysiology and possibly a different clinical significance. Intimal, or more precisely neointimal, calcification is associated with atherosclerosis (5) and occurs in the absence of renal failure. Whether it has any clinical significance beyond serving as a marker of advanced atherosclerosis is unclear because calcification may actually stabilize plaques (6, 7) . Calcification in the medial layer is independent of atherosclerosis or inflammation, occurs in small arteries in addition to large arteries, and is thought to be detrimental by decreasing arterial compliance (8) . It is observed specifically in renal failure, diabetes, and aging (9) , but its pathophysiology and natural history are otherwise poorly understood.
Investigation of vascular calcification in humans has been hampered by inadequate diagnostic tools. Computed tomography is commonly used to quantify calcification in the aorta, coronary vessels, and other large arteries but cannot reliably distinguish between intimal and medial calcification. Thus, all studies to date have yielded data only on the combined prevalence and clinical significance of these two conditions, without any specific information on either. This is important because the clinical significance and possible therapeutic approach may differ considerably between the two. Furthermore, computed tomography is expensive and exposes the patient to significant radiation. Radiographs of distal extremities have also been used to detect vascular calcification, which is probably entirely medial (10, 11) , but the sensitivity is unknown. Therefore, there is a need for a simple and safe imaging modality that specifically recognizes medial calcification.
Arterial calcification can be detected on mammograms (12) and, on the basis of the size of these vessels and histologic examination, should be exclusively medial (13, 14) . However, this has never been established. Breast arterial calcification increases with age (14 -19) and is associated with cardiovascular disease (16 -21) . The prevalence may also be increased in ESKD (22) , but this has not been carefully studied or quantified. Because mammography is routinely performed in women over the age of 40, it could be an extremely important tool in understanding the causes and clinical significance of medial vascular calcification in chronic kidney disease.
We hypothesized that breast arterial calcification is a specific marker of generalized medial calcification and that mammog-raphy can be used to determine the prevalence and risk factors for medial calcification in chronic kidney disease. To that end, we performed histologic examination of breast tissue, retrospective analysis of mammograms, and correlation with peripheral radiographs in patients with chronic kidney disease. The results will form the basis for future retrospective and prospective studies of the clinical significance of medial vascular calcification in chronic kidney disease. (23) using the serum creatinine value closest in time to the mammogram (but no greater than 2 years). There were a total of 44 women with serum creatinine values available within 2 years of the mammogram. All of the mammograms were reviewed by a single individual, and arterial calcification was scored as either present or absent without knowledge of other characteristics of the subjects. The age, race, and presence of diabetes were determined by review of the electronic medical records. Diabetes mellitus was defined as diabetic medication or diabetes listed as a diagnosis at the time of the mammogram.
Materials and Methods

Histology
Radiographs
The electronic medial records of all subjects with ESKD or CKD with available mammograms were searched for radiographs of the hands, wrists, lower legs, ankles, or feet. The images were reviewed by a single individual unaware of the mammography findings, and medial calcification was identified as diffuse, linear calcification of arteries. For the purpose of this analysis, arterial calcification was assumed to be permanent. Thus, calcification on a mammogram or radiograph was assumed to be present at any later date, and the absence of calcification was assumed to indicate absence of calcification at any prior date. In all other cases, only radiographs within 2 years of the mammogram were included in the analysis.
Statistical Analyses
Univariate analysis was performed using t test for continuous variables and the chi-squared test for categorical variables. Multivariate logistic regression analysis was performed with SPSS 17.0 software (SPSS, Inc., Chicago, Illinois). 
Results
Breast tissue was examined in eight patients with ESKD and eight patients with CKD (serum creatinine, 1.8 to 3.9 mg/dl) undergoing total or partial breast excision. Arterial calcification was present in all 16 patients and apparent by staining with hematoxylin and eosin in 12 ( Figure 1 ). In the remaining specimens, calcification could be detected only by von Kossa staining and was apparent as punctate staining between smooth muscle cells. In all specimens, calcification was limited to the internal elastic lamina and/or the medial layer. Although intimal hyperplasia was common, there was no atherosclerosis and no staining for calcium in the intima.
Mammograms were examined from 71 ESKD patients and age-matched subjects without renal insufficiency. As shown in Table 1 , the average age of the ESKD patients was 60 years, all but one were African-American, and about half had diabetes. The controls were similar in age and prevalence of diabetes, and all but two were African-American. The mean dialysis duration in the ESKD patients was 64 Ϯ 7 months (range, 1 to 232 months), and the modality was hemodialysis in 67, peritoneal dialysis in one, and peritoneal dialysis followed by hemodialysis in three. Parathyroidectomy had been performed in 24%. An example of breast arterial calcification is shown in Figure 2 . The prevalence of breast arterial calcification (BAC) was almost fourfold greater in the ESKD patients. In the ESKD patients with diabetes, the prevalence of BAC was 74% compared with 21% in the control subjects with diabetes.
ESKD patients with breast arterial calcification were significantly older, had a longer duration of ESKD, and were more likely to have diabetes than patients without calcification (Table 2) .
Parathyroidectomy was more common in patients with BAC but the difference did not reach statistical significance. In a logistic multivariate model, only age and ESKD duration were significant predictors of calcification (Table 3) .
To determine whether the risk of BAC increases before ESKD, we identified mammograms performed before the onset of ESKD (mean, 5.1 Ϯ 0.7 years) in 25 of the ESKD patients. An additional 44 patients with CKD were identified from a computerized search of patients undergoing mammography. Because only a few CKD patients had advanced disease, analysis was limited to those with stage 3 disease. As shown in Table 4 , the prevalence of BAC was 36% in the pre-ESKD mammograms, which was still significantly greater than the control group in Table 1 (P Ͻ 0.05), even although the patients at the time of the pre-ESKD mammogram were 5 years younger. Corresponding serum creatinine values were not available. In contrast, the prevalence of BAC in patients with stage 3 CKD was significantly less than in the pre-ESKD patients (P ϭ 0.05) and similar to that in the control group despite the fact that the patients were older. The serum creatinine level in this group was 1.51 Ϯ 0.04 mg/dl (range, 1.2 to 2.1 mg/dl), and the estimated GFR was 41.9 Ϯ 1.3 ml/min per 1.73 m 2 (range, 30.5 to 55.0 ml/min per 1.73 m 2 ). Arterial calcification on mammograms was compared with peripheral arterial calcification on plain radiographs of extremities to ascertain whether BAC is a marker of generalized medial vascular calcification. Of the CKD and ESKD patients whose mammograms were examined, 62 had also had extremity radiographs (hands, wrists, lower legs, ankles, or feet) that could be included in the analysis (Table 5 ). Of the 21 that showed diffuse, linear arterial calcification indicative of medial calcification, BAC was also present in 19 (90%). Peripheral arterial calcification was present in only two of 31 patients without BAC (6%). About a third of patients with BAC did not exhibit peripheral arterial calcification, which is likely explained by the greater sensitivity of mammography.
Discussion
This is the first detailed examination of breast arterial calcification and its prevalence in chronic kidney disease and is the first study to provide histologic correlation. This correlation yielded several important findings. First, atherosclerosis was absent in breast arteries, and no intimal calcification was seen. Second, the calcification was limited to the internal elastic lamina or the medial layer. Third, early stages of calcification were detected that were not apparent on the specimen radiographs, indicating that 20 12 NS the prevalence of medial calcification is greater than that indicated by radiography. The limitation of histologic analyses to surgical specimens could have introduced a selection bias, but there are no data linking breast cancer with arterial calcification. The availability of breast tissue and the ability to identify very early stages of medial calcification will provide the opportunity for detailed histologic studies on the etiology of this disorder in humans. Because atherosclerosis is limited to large arteries, the vascular calcification identified on plain radiographs of extremities is probably entirely medial. Although this is supported by the diffuse, linear pattern of calcification as well as by histologic studies (10,11), this has not been established with certainty. The fact that this peripheral arterial calcification correlated strongly with breast arterial calcification indicates that BAC is a marker of generalized medial vascular calcification. In fact, mammography is probably more sensitive because almost a third of patients with BAC had no evidence of peripheral arterial calcification on plain radiographs. The possibility that some of the peripheral arterial calcification (PAC) is atherosclerotic cannot be ruled out and may explain the 6% of patients with PAC but no BAC. Because the peripheral radiographs were performed for clinical indications, selection bias could have increased the prevalence of PAC. The results indicate that mammography can be used to assess the prevalence and significance of medial calcification.
Although CKD is known to predispose to medial arterial calcification, the actual prevalence has not been established. Mammography revealed that almost two-thirds of ESKD patients have breast arterial calcification compared with one-sixth of subjects without renal insufficiency matched for age and the presence of diabetes, indicating an almost fourfold risk. The risk of medial calcification does not appear limited to ESKD because an increased prevalence of BAC was noted in the subset of ESKD patients in whom mammography was performed an average of 5 years before the onset of ESKD. Similar prevalences were observed in a prior study but were not compared with an agematched cohort without kidney disease (24) . The prevalence of BAC was not increased in patients with stage 3 CKD, suggesting that the risk of medial calcification develops later in CKD and that preventative strategies may not be necessary in early CKD.
Age is a risk factor for BAC in the general population (14-19) and correlated with BAC in ESKD patients. Duration of ESKD also correlated with BAC independent of age. Whether diabetes also contributes to BAC in ESKD is unclear. The prevalence of diabetes was significantly greater in the patients with BAC, but the effect was diminished in the multivariate model. Some studies have found a link between diabetes and BAC in unselected patients (17) (18) (19) , whereas others have not (12, 16, (25) (26) (27) . Because almost all of the patients were African-American, the results may not necessarily apply to Caucasians with CKD because African Americans have a lower prevalence of coronary artery calcification than Caucasians (28) . However, this likely represents atherosclerotic calcification rather than medial calcification, and the difference is much less in women (28) . The prevalence of BAC in the general population is similar in Caucasians and African Americans (29) , suggesting that the results presented here are applicable across races and that race does not affect the prevalence of medial arterial calcification.
Although this study is limited by the subjective detection of BAC, the small sample sizes, and the retrospective analyses, the results demonstrate the utility of mammography as a specific tool for examining medial vascular calcification in chronic kidney disease. Because most women with CKD are at an age at which yearly mammography is recommended, both retrospective and prospective studies of medial calcification can be performed without additional radiation exposure or imaging costs. Assessment of the prevalence at different stages of CKD, identification of additional risk factors, and determination of the clinical significance will be useful in stratifying risk and determining the timing and necessity of treatment. Currently, evaluation of BAC is constrained by the inability to quantify calcification on mammo- 
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